ABSTRACT -Edge effects are considered a key factor in regulating the structure of plant communities in different ecosystems. However, regardless to few studies, edge influence does not seem to be decisive in semiarid regions such as the Brazilian tropical dry forest known as Caatinga but this issue remains inconclusive. The present study tests the null hypothesis that the plant community of shrubs and trees does not change in its structure due to edge effects. Twenty-four plots (20 x 20 m) were set up in a fragment of Caatinga, in which 12 plots were in the forest edges and 12 plots were inside the fragment. Tree richness, abundance and species composition did not differ between edge and interior plots. The results of this study are in agreement with the pattern previously found for semiarid environments and contrasts with previous results obtained in different environments such as Rainforests, Savanna and Forest of Araucaria, which indicate abrupt differences between the border and interior of the plant communities in these ecosystems, and suggest that the community of woody plants of the Caatinga is not ecologically affected by the presence of edges. 
INTRODUCTION
The fragmentation of contiguous areas transforms the landscape into a mosaic of small patches, isolated by a matrix of the non-original habitat (FAHRIG, 2003) , leading to physical and biological changes as a result of habitat loss and insularization (TABARELLI et al., 1999) .
In these fragmented landscapes, populations of forest species are reduced and the migration and dispersal patterns are disrupted. Thus, the previously isolated habitats become exposed to external conditions, resulting in a gradual erosion of biological diversity (TILMAN et al., 1994) . A consequence of this process is the increase of edge effects, which is generated by the contact with the surrounding matrix, representing an important aspect of structural changes in plant communities (MURCIA, 1995) .
For various ecosystems, the borders between fragmented habitats are often ecologically different from the interior of the patches, and to find out how ecological patterns change near the edges is the key to understanding the dynamics of the impacts of fragmentation on plant communities (MARCHAND; HOULE, 2006; RIES et al., 2004) since the creation of abrupt edges in the forest may severely modify local microclimatic conditions, increase tree mortality, and promote the establishment of invasive species (TILMAN et al., 1994) .
Microclimatic conditions at the edges are usually different from the interior, reaching higher values of air and soil temperature, wind speed, and lower air relative humidity and soil moisture (CAMARGO; KAPOS, 1995; DIDHAM; LAWTON, 1999) . Such alterations may change the diversity, composition, structure and dynamics of plant communities in these forest fragments (SAMPAIO; SCARIOT, 2011).
Several studies have attempted to understand how edge effects, as well as other parameters of landscape structure, influence the quality of habitat. However, most studies on these effects was performed in humid tropical forests, mainly in the Atlantic Forest complex (PACIENCIA; PRADO, 2004; SANTOS et al., 2008; SILVA et al., 2011) and Amazonia (CAMARGO; KAPOS, 1995; LAURANCE et al., 1998; LAURANCE et al., 2001; MESQUITA et al., 1999; NASCIMENTO; LAURANCE, 2006) . These studies showed that there was some kind of edge influence on at least one variable (i.e. tree abundance, species richness). For example, Ries et al. (2004) , reviewed several studies and concluded that most of them indicated a neutral or positive relationship between the edge effect and the richness, diversity and abundance of plant species. However, the results found for humid forests cannot be directly applicable in tropical dry forests (TDFs), such as the Caatinga (SAMPAIO; SCARIOT, 2011).
Similar studies in semiarid environments are scarce. Few studies were done in areas of shrubby Caatinga (CAVALCANTI; RODAL, 2010; SANTOS; SANTOS, 2008) in a deciduous dry forest (SAMPAIO; SCARIOT, 2011) and in a semiarid Chaco in Argentina (CASENAVE et al., 1995) . These studies suggest inconclusive results, because they demonstrated that the edge effect was only superficial (CAVALCANTI; RODAL, 2010) or did not cause significant changes in plant physiognomy, indicating that there is no edge influence in fragments of Caatinga and TDFs (SAMPAIO; SCARIOT, 2011; SANTOS; SANTOS, 2008) . If there are no edge effects in dry forests, this pattern could be best observed in a fragment of primary forest, with a long time of isolation and higher abundance and richness of high trees.
The present study tests the hypothesis that the edge effect does not affect plant community structure in a fragment of arboreal Caatinga in order to contribute to the studies in fragmented areas, especially in TDFs ecosystems in northeastern Brazil.
MATERIALS AND METHODS

Study area
The study was conducted in a fragment of Caatinga in the state of Sergipe (10º 01'45'' and 10º 02'18'' S and 37º 24'57'' and 37º 24'19 "W) . The fragment has a total area of 50 ha and average elevation of 168 m (Figure 1 ). The study area is part of the São Francisco River basin in the far northern state of Sergipe.
The climate is classified as Tropical Semiarid -Bsh (Köppen), with average annual rainfall of 550 mm with the rainy season from March to July and the dry season lasting from seven to eight months. The average annual temperature reaches 26°C. The relief is formed by geomorphologic "Pediplanos Sertanejos" and the predominant soil is classified as Eutrophic Litholic Neosol, according to the Brazilian System of Soil Classification (EMBRAPA, 2006) . The vegetation type found in the study area match the physiognomic forms of Caatinga vegetation, which range from seasonally tropical dry forest (sensu ANDRADE-LIMA, 1981; PENNINGTON et al., 2000) to scrub vegetation (SAMPAIO, 1995) . The physiognomy is marked by trees of the genus Anadenanthera, Aspidosperma, Poincianella and Myracrodruon (Caatinga types 1, 2 and 3 sensu ANDRADE-LIMA, 1981) , and shrubs of the genus Bauhinia, Croton, Manihot and Maytenus. The vegetation height varies from 1.6 to 17.0 m with an average of 5.9 ± 2.1 m. The leguminous shrub and tree Bauhinia cheilantha (Bong.) Steud is the most abundant species in the study area.
The matrix surrounding the edges of the fragment is characterized for the most part by pasture. Remaining matrix is formed by open shrubland with species such as Croton sonderianus Müll. Arg. and Poincianella pyramidalis (Tul.) L. P. Queiroz, highly branched and height ranging from 2.0 to 2.5 m, which are influenced by grazing of cattle during the dry season. The fragment mentioned, although being isolated far from other similar fragments, has a historic of 60 years without human disturbance.
Data sampling
The floristic survey of vegetation was performed in 24 plots of equal size with 20x20 meters (400 m ²). Plots were established on the edge (n = 12) and into the fragment (n = 12), in a systematic way at intervals of 141 m. The edge plots were delimited so that the average distance from the centre of each plot to the edge of the fragment was 50 m. For inner plots, the average distance of plot centre to the edge of the fragment was approximately 165 m. These distances were enough to capture edge effects in this vegetation type among plots, because the major changes in vegetation occur within the first 50 m (LAURANCE et al., 1998 , RIES et al., 2004 SANTOS 2008) . The choice of plots rather than linear transects was adopted to allow comparison of results obtained in this study with a previous study that used the same methodology in Caatinga forest .
In each plot all individuals tree with circumference at 1.30 m from ground level e 6.0 cm were identified and recorded, including the bifurcated individuals, according to the protocol established by "Rede de Manejo Florestal da Caatinga" (DANTAS et al., 2010) . Total height (TH) of each individual was measured using a telescopic pole (marked by 10.60 m). Individuals were tagged with numbered aluminium platelets. Samples were processed and identified according to standard methodology (Mori et al., 1989) , being deposited in the herbarium of the Universidade Federal de Sergipe (ASE). The species were classified according to the Angiosperm Phylogeny Group system III (APGIII, 2009) and confirmation was done in the database of the Botanical Garden's VAST Missouri -MOBOT (www.mobot.mobot.org / W3T/search/ vast.html).
Data analyzes
The tree abundance, species richness and diversity index of Shannon-Wienner (H') were calculated using the "Mata Nativa 2.10 ® " software (CALIXTO-JÚNIOR et al., 2011; TROVÃO et al., 2010) . The influence of edge effects on canopy structure was analyzed using the leaf area index (LAI), through digital photos (10 megapixels) with hemispherical lens "fisheye" (180°). In the centre of each plot, three images were taken at a height of 1 meter from the ground, which were subsequently processed and analyzed in the Gap Light Analyzer software, version 2.0 (FRAZER et al., 1999) . Differences between abundance, species richness, species diversity and LAI index (dependent variables) (independent variable) were tested in relation to the edge and interior plots using generalized linear models (GLM's). The models were subjected to residual analysis to verify their suitability for the error distribution used (normal, binomial or Poisson) (CRAWLEY, 2007) . The GLM was performed using the software R (R Development Core Team, 2011).
The magnitude of the influence of edge effect was calculated according to the model proposed by Harper et al. (2005) . In this model, the magnitude of edge influence is equal to: (e -i) / (e + i), where e = parameter value measured at the edge (i.e. abundance, species richness) and i = parameter value in the interior. The variation in magnitude is between -1 and 1. Values equal to 0 indicates that there is no influence of edge. In addition, we evaluated the effect of distance from the edge of the variables examined (HARPER et al., 2005) using GLMs. We calculated the Pearson linear correlation (r) between variables and distance. Subsequently, the linearity of the correlation was tested using scatter plots (HAIR et al., 2009 ).
Non-metric multidimensional scaling (NMDS) analyses were carried out to verify differences between plots of the edge and interior. The ordination was conducted using the Jaccard Index (presence-absence). Additionally, similarity analyses (ANOSIM; CLARKE, 1993) were conducted to compare the difference between plot groups. Differences between R-values were used to determine similarity patterns between the communities of edge and interior sites. The analyses were conducted using the software PAST (HAMMER et al., 2001 ).
RESULTS
We sampled 2,534 individuals belonging to 49 wood species, distributed in 41 genera and 22 botanical families. Plots in the edge had 1,157 individuals and 43 species, while inner plots had 1,377 individuals and 42 species (Table 1) . Of the 49 species sampled, 61 % were arboreal, while 39 % were shrubs. The NMDS ordination (stress = 0.2378, Figure 2 ) and analysis of similarity (ANOSIM, R = 0.012, p > 0.05) showed no differences in species composition between the two environments analyzed (edge and interior).
Also, the vegetation parameters analyzed (tree height, stem diameter, basal area, species richness, abundance and LAI index) did not result in statistically significant differences between areas ( 
DISCUSSION
The present study confirms the null hypothesis, that is, the edge effect does not affect the structure of plant communities in the Caatinga environment studied. These results corroborate previous studies (SAMPAIO; SCARIOT, 2011; Santos and Santos, 2008) suggesting that, unlike rainforests, the edge effect is not an important environmental variable in tropical dry forests (TDFs). Although some studies show that there is edge effect in semiarid environments (CASENAVE et al., 1995; CAVALCANTI; RODAL, 2010) , our results support that the lack of edge effect is the pattern for this type of vegetation.
The species that were restricted only to the edge or interior plots accounted for only 1.46% of the total individuals sampled, and therefore do not allow inference about the existence of a restriction on the habitat preference for plants in edge or interior plots.
In addition, the species in the forest fragment presented a random pattern of spatial distribution (Oliveira, unpublished data) , indicating that their presence in each location can be examined associated with the dynamics of dispersion of seedlings (SANTANA, 2009 ).
The species composition between edge and interior plots was 73.4%, with high floristic similarity. This result was similar to that found by Santos and Santos (2008) (77% in floristic similarity), analyzing the occurrence of edge effect in a fragment of shrubby Caatinga in the state of Paraiba (about 500 km away from our site of study). Kent and Coker (1992) defined values greater than or equal to 50% as high in similarity between their sites.
According to Harper et al. (2005) in preserved environments, the forest edges tend to have a dominant structure more similar to its interior as a result of the restructuring of the impact over time. In semiarid 
Figura 2 -Escalonamento multidimensional não-métrico (NMDS) para ordenação da composição de espécies entre as parcelas da borda (o) e do interior ( ) da floresta seca.
ecosystems, however, this pattern can occur in fragments with recent historic of disturbances (CAVALCANTI; RODAL, 2010) but it is evident in an old Chaco semiarid forest (CASENAVE et al., 1995) . These authors observed that edge effects were evident in the modification of the community structure, since basal area, plant species richness and abundance were significantly different between the edge and interior plots. Cavalcanti and Rodal (2010) , evaluated the edge effect in three fragments of shrub Caatinga (open, dense and dense riparian) in the state of Rio Grande do Norte and although these authors have found slight differences between physiognomies studied, they concluded that, in general, there were no significant changes in any of physiognomic traits, either for trees or seedlings. Moreover, in a previous study, Santos and Santos (2008) observed that the community of shrubs was not affected by the creation of edges, suggesting that changes in physical conditions and the availability of resources after the creation of the edges are insufficient to eliminate established plants or change the recruitment and survival of new individuals. These authors also found values of magnitude close to zero, demonstrating the low ecological importance of edge creation for the variables analyzed in areas of Caatinga. Similar results were found by testing the effect of edge distance on the structure of the plant community (adults, young and seedlings) in a deciduous dry forest in the northern state of Goiás (SAMPAIO; SCARIOT, 2011) . In this case, only the diversity of seedlings and adult height was significantly different in relation to distance from the edge, showing a slight edge effect. However, the effect of distance on plant community has commonly been found in previous studies in other ecosystems (KAPOS, 1989; MATLACK, 1994; but see DIDHAN; LAWTON, 1999; MARCHAND; HOULE, 2006; MURCIA 1995) .
Some structural patterns can help in understanding the absence of edge effect in the fragment studied. For example, LAI Index has direct relationship with the canopy cover during the change of season. The canopy of tropical dry forests are more opened when compared to the tropical rainforests, and leaf fall during the dry season lead to low LAI values in these habitats (SAMPAIO; SCARIOT, 2011). Thus, the influence of the edge is less pronounced and difficult to detect in forests with a more opened canopy (HARPER et al., 2005) . Consequently, a less contrasting microclimatic gradient is expected in the edge plots in dry forests than in rainforests, affecting the organisms to a lesser extent (SAMPAIO; SCARIOT, 2011).
The physiognomic and structural similarity of vegetation in different plots (edge and interior) of the studied area, suggest the existence of a common pattern, possibly related to the homogeneous availability of resources (such as light, water and nutrients) and regeneration time. On the other hand, if the environmental factors are not similar between edge and inner plots, it is likely that changes in physical conditions and the availability of resources after the creation of edges are insufficient to eliminate established plants or alter the survival and development of new individuals.
The results presented in this study contradict several studies made in tropical rain forests (LAURANCE et al., 1998; LIMA-RIBEIRO, 2008; NASCIMENTO; LAURANCE, 2006; PACIENCIA; PRADO, 2004) . Those authors have found lower richness, diversity and abundance of species at the edges than forest interior, but corroborates other studies done in dry forests that demonstrate the absence of edge effect in these environments (CAVALCANTI; RODAL, 2010; SCARIOT, 2011; SANTOS; SANTOS, 2008) . Thus, further studies in semiarid environments, such as Caatinga, may increase our knowledge on the response of plant communities to the edge effect. Apparently, so far, the edge effect does not influence the plant community structure in areas of Caatinga.
CONCLUSION
This study contributes to the knowledge about the effects of fragmentation in dry forests (mainly within the Caatinga) adding further evidence to the fact that there are vegetation types and conditions under which the edge effects can be considered negligible in the context of plant communities. This knowledge may contribute to the success of programs of regeneration of degraded areas or for the conservation of wood species threatened in a fragmented landscape.
